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Abstract 
This Master's thesis deals with the unconventional biomasses used in the Czech 
Republic and Spain and their comparison.  
Initial chapters describe the need of use of unusual biomass, international projects, 
agreements, and legislations.  
The following ones consider unusual biomass from food industry of each country 
with the detailed explanation and comparison of the residues of the sunflower production 
process and olive production process.  
The final chapters include detailed comparisons between the biomass from the 
Czech Republic and Spain, from the perspective of the purchase prices, heating value, 
and moisture and ash content. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Abstrakt 
Tato diplomová práce se zabývá netradičními druhy biomasy využitelnými v České 
republice a Španělsku a jejich srovnáním.  
V prvních kapitolách jsou popsány netradiční druhy biomasy, mezinárodní projekty, 
smlouvy a legislativa.  
V následujích kapitolách je rozbor netradičních druhů biomasy zejména 
vznikajících z potravinářského průmyslu každé země s detailním rozborem a srovnáním 
zbytků z průmyslového zpracování slunečnice a oliv.  
V závěru je uděláno celkové srovnání těchto druhů biomasy České republiky a 
Španělska z aspektů výkupních cen, výhřevností, vlhkosti a množství popelovin. 
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1 Introduction 
Even though we are living in the 21st century, we are facing economical crisis and 
global warming. Both bring many natural disadvantages and problems. Generally, the 
economical crisis strongly lowered the industrial production by which the energy and 
thermal energy consumption decreased. In spite of that, the long term tendency is the 
increase of the electrical and thermal energy. Fossil fuels mainly used nowadays are 
non-renewable resources and at the same time they violate the environment.  
If there are overall outlooks at all these problems, they have something in common. 
All these problems can be resolved not only by saving and not wasting available energy 
but also by using renewable energy sources. There are the following possibilities: solar, 
wind, hydro powers and biomass.   
The use of biomass as a solution is available for all the climates and different places, 
it is very flexible. Even the EU is concerned with the theme of getting the use of biomass 
as it has many advantages. 
Biomass can be classified into two main types, the wood-based fuel that is derived 
from the forest (wood, etc.) and phytomass which is the residue of the plant production 
(straw, etc.). The use of biomass rather than fossil fuels can reduce the carbon dioxide 
emissions responsible for global climate changes. 
Biomass is carbon dioxide (CO2) neutral. When burnt, It gives off only as much CO2 
as it stores during its lifetime. In addition, wood fuel has very low levels of sulphur, a 
chemical that contributes to acid rain. [1] 
There are several international and EU agreements that are mentioned in the thesis 
to demonstrate that the climate changes are real and that it is an international goal to 
reach lower levels of emissions. 
1.1 International Environment Protection Plans 
The first international agreement was adopted in Kyoto, Japan on December 11, 1997 
and it entered into force on February 16, 2005. The Kyoto Protocol, according to its 
definition, “is an international agreement linked to the United Nations Framework 
Convention on Climate Change. The major feature of the Kyoto Protocol is that it sets 
binding targets for 37 industrialized countries and the European community for reducing 
greenhouse gas (GHG) emissions.” [2] 
As stated in the Protocol, developed countries are the ones responsible for the high 
levels of GHG emissions in the atmosphere. To reduce these GHG, the Kyoto protocol 
set 3 goals: to lower the emissions; to develop clean energy; and to joint fulfillment. [2] 
Since the Kyoto Protocol finishes in 2012, there were new conferences trying to make 
new international protocol that would replace the former one.  
December 1, 2008 in Polish Poznan, the United Nations Climate Change Conference 
(COP14) about the climate changes with the goal to replace Kyoto Protocol took place.  
There were presented about 10 000 representatives from about 190 countries. EU 
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endeavored that the new agreement would be accepted in the next summit in Danish 
Copenhagen a year later. Even though the goal of this conference was clear, the 
countries have doubted under the pressure of the economical crisis and for this reason 
they doubt to support new goals to reduce GHG. [3] 
In December 2009, the Copenhagen Summit (COP15) took place to make an 
agreement of the new emission reduction goal. At the end, the summit didn’t bring 
anything positive to the environment. The politics didn’t agree on any specific goals. The 
“Copenhagen Accord”, as it was called, expresses as an environmental target as 
follows: “to keep temperature rises to no more than the 2 °C” and urges that “rich 
countries will commit to cutting GHG and developing nations will take steps to limit the 
growth of their emissions”. There weren’t set any real goals to reach for each country, 
neither it mentioned the Kyoto Protocol’s goals to reach by 2012. The future goal was 
set for the year 2050 and it was the reduction of GHG by 50 % bellow the 1990 level. [4, 
5] 
1.2 EU and Its Environment Protection Plan 
European Union subsidizes many different projects supporting the use of renewable 
energy sources (RES). One project which is called EUBIONET III and which is 
concerned with the environment is related to and quoted in this thesis.  
EUBIONET III is concerned with the Solutions for Biomass Fuel Market Barriers and 
Raw Material Availability. The main goals are listed as following:  
• “Increase of the use of biomass fuels in the EU by finding ways to overcome the 
market barriers. National biomass programs and biomass fuel potentials will be 
analyzed especially for different industrial residues and agro biomass.  
• “International trade of biomass fuels will be promoted to help demand and supply to 
meet each other, while also the availability of industrial raw material is to be secured 
at reasonable price.  
• “Price mechanisms will be analyzed and new combined nomenclature (CN) codes for 
biomass fuels will be proposed. Certification and sustainability criteria for biomass 
fuels will be set and implemented in co-operation with market actors.  
• “Implementing of European Committee for Standardization (CEN) standards for solid 
bio-fuels will be enhanced.  
• “Bio-energy use will be promoted by raising awareness on biomass heating aiming at 
fuel switch to biomass. The appropriate use of biomass resources will be assessed 
by analyzing raw material availability within and between bio-energy, forest industry 
and agricultural sectors.” [6] 
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According to the news and facts of EUBIONET, the use of the RES made in 2007 
was derived from the facts of the year 2006.  
The Graph 1-1 shows detailed information on the use and potential in toe (tonne of oil 
equivalent) of RES for each country of the EU-27 more clearly.    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Graph 1-1 
Use of Renewable Energy in EU-27, 2006 [7] 
 
 
The Graph 1-2 demonstrates the detail of the electricity generated from the biomass, 
in TWh, as this thesis talks about the use and electricity generation of the biomass from 
the year 2006. There is again represented each country and its own electricity 
generated from the biomass resources. The country which uses more biomass for 
electricity generation than other countries of EU-27 is Germany. 
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Graph 1-2 
Gross Electricity Generation by Biomass, TWh [7] 
 
According to the Commission of the European Communities (COM 2005) about 
Biomass action plan, signed in Brussels in December 7, 2005, the goals of the biomass 
use are the following: making possible diversification utilizing the renewable sources by 
5 % of energy supply and also by reducing the imported energy; reduction of GHG, 
especially CO2 by 209 million tonnes a year; offer of employment mainly in rural areas; 
and as the final, decrease the demand for oil.  
The Commission encourages the development of national biomass action plans.  
The EU biomass production potential is reported in the Annex 2 of COM 2005.  
The estimates in the table are likely to be less than real because they are based on 
certain assumptions, some are being quoted here: “no effect on domestic food 
production; no increase in pressure on farmland and forest biodiversity; no increase in 
environmental pressure on soil and water resources; no making new area for planting 
from grassland; a shift towards more environmentally friendly farming, with some areas 
set aside as ecological stepping stones; the rate of biomass extraction from forests 
adapted to local soil nutrient balance and erosion risks.” 
As the information of the annex shows “forests, wastes and agriculture all make a big 
contribution to this potential for growth. The increase from forestry comes from an 
increase both in felling and in the use of residues. The increase from agriculture is 
driven by the reform of the common agricultural policy.” [8] 
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The Graph 1-3 shows the goals for the coming years of European Community 
Commission, the increase of energy generation from the biomass as much as possible. 
If we compare the year 2003 and 2030, there is almost 5 times higher energy generation 
from biomass. 
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Graph 1-3 
The Goal of the Biomass Use by EU Commission [8] 
 
1.3 Countries Mentioned in the Master’s Thesis  
In this work, two countries of the EU and two kinds of biomass that will be discussed 
profoundly are compared even though more possibilities will be mentioned.  
On one hand, there is compared the Czech Republic as the author is Czech and 
Vysoké učení technické v Brně (VUT University of Technology in Brno) is situated in the 
Czech Republic.  
On the other hand, there is Spain. The author had spent some part of her studies in 
Spain as an ERASMUS student at the Universidad Politécnica de Catalunya (UPC 
Polytechnic University of Catalonia) in Terrassa, Barcelona.  
It is going to be mentioned later in the work but as Spain is the country with the 
highest production of olives, there is going to be described the industrial processing of 
olives and its residues will be described and compared with a typical and in certain way 
close product within the Czech Republic - the sunflower. 
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2 Definition of Biomass 
According to the Directive 2009/28/EC of the European Parliament and of the 
Council, “biomass is the biodegradable fraction of products, waste and residues from 
biological origin from agriculture (including vegetal and animal substances), forestry and 
related industries including fisheries and aquaculture, as well as the biodegradable 
fraction of industrial and municipal waste.” [9] 
Another possible definition of biomass is found in the Dictionary of Energy and 
stating: “Biomass is a collective term for all organic substances of relatively recent (non-
geological) origin that can be used for energy production, including industrial, 
commercial, and agricultural wood and plant residues; municipal organic waste; animal 
manure; and crops directly produced for energy purposes. Biomass can be solid, liquid, 
or gaseous.” [10]  
Biomass is derived from various types of organic matter: energy plants (oilseeds, 
plants containing sugar) and forestry, agricultural or urban residues including wood and 
household waste. Biomass can be used for heating, for producing electricity and for 
transport biofuels. The use of biomass significantly reduces GHG emissions. The CO2 is 
given off when burnt. It is counterbalanced by the amount of CO2 absorbed during the 
life of the plant. However, there are always some emissions from processes like 
cultivation and fuel production, so biomass is not completely carbon-free. [11] 
There are different kinds of biomass that are divided according to the Instituto para 
la Diversificación y Ahorro de la Energía (IDEA Institute of Energy Varieties and Savings 
in Spain). This institute has recognized the following categories:  
1 Natural biomass created in the natural ecosystems. 
2 Residual biomass generated from the human activity, it includes the agricultural, 
farming, and forestall activities. 
3 Energy crops cultivated directly for energy production.  
4 Residual biomass that is generated by human activity particularly agricultural 
activity. [12] 
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3 Cogeneration 
Since the word “cogeneration” is quoted many times in the legislation related to the 
biomass utilization, this chapter talks very briefly about the definition of cogeneration.  
Cogeneration is sequential or consequent energy use contained in the fuel with the 
purpose to produce more that just one final type of energy. As the example of 
cogeneration is the production of electrical energy with steam as boiler heat or 
production of cooling. [13] 
The Dictionary of Energy gives another definition of cogeneration. It is the following: 
“cogeneration is the simultaneous production by means of a single fuel source of both 
useful energy (usually electricity) and heat (e.g. process steam) that can then be 
recovered for use as additional energy.” [10] 
Cogeneration has high efficiency. The main target of the biomass combustion is to 
create electrical energy and as the secondary result heating and cooling purposes or 
another option is to create hot water to cover the industrial and municipal sector need. 
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4 Legislation Related to Biomass Utilization 
Both countries that are mentioned, the Czech Republic and Spain, are part of the EU. 
As it is an institution above both countries, it is fundamental to start with the legislation of 
EU talking about the financial support and requirements that are necessary to meet in 
order to be able to use the biomass for energy production. 
4.1 European Union Legislation 
The Legislation of the European Union is the base for the legislations of each of the 
countries included of EU Member States. For this very reason, this chapter explains the 
directives talking about the use of the RES. 
4.1.1 Directive 2001/77/EC 
As the European Union has a legislation that promotes the electricity produced from 
renewable energy sources in the internal electricity market, information from the 
legislation important to apply will be quoted.  
Before that, the White Paper from the Directive will be defined. The explanation of this 
document from the year 2001 is the following: White Paper point out that the “RES may 
help to reduce dependence on imports and increase security of supply. Positive effects 
are also foreseeable in terms of CO2 emissions and job creation. Renewable energy 
sources at present account for 6 % of the Union’s overall gross internal energy 
consumption. The Union’s aim is to double this figure by 2010. Estimates also point to 
the creation of 500 to 900 000 jobs; an annual saving of fuel costs of European 
Currency Unit 3 billion from 2010; the reduction of fuel imports by 17.4 %; and the 
reduction of CO2 emissions by 402 million tonnes a year by 2010.” [14] 
The following information is adopted from the Directive 2001/77/EC of the European 
Parliament and of the Council of 27 September 2001 on the promotion of electricity 
produced from renewable energy sources in the internal electricity market and it 
contains the following information:  
The Community of EU promotes the RES because of environmental protection and 
sustainable development. It also promotes local employment, contributes to secure 
energy supply and helps to meet the Kyoto Protocol targets that were made in harmony 
with the Climate Changes.   
As the goal is to increase the use of electricity from renewable sources, it is essential 
that the Member States set national targets in accord with the Kyoto Protocol.  
As the law mentions: “the national indicative targets, and to what extent the national 
indicative targets are consistent with the global indicative target of 12 % of gross 
domestic energy consumption by 2010, considering that the White Paper’s indicative 
target of 12 % for the Community.” 
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Each Member States should have a “support for RES at the national level, including 
green certificates, investment aid, tax exemptions or reductions, tax refunds and direct 
price support schemes” which helps to use cleaner energy.  
Part of the Directive also talks about the national indicative targets that should take in 
account the characteristics not only of the country as is the geographical location, but 
also the technologies used to generate electricity from RES.  
It also gives certain liberty to choose the modes which corresponds best to the 
circumstances, characteristics already mentioned, and particular situation of the 
Member State.  
The basic definitions of this Directive are as follows:  
“(a) ‘renewable energy sources’ shall mean renewable non-fossil energy sources 
(wind, solar, geothermal, wave, tidal, hydropower, biomass, landfill gas, sewage 
treatment plant gas and biogases); 
“(c) ‘electricity produced from renewable energy sources’ shall mean electricity 
produced by plants using only renewable energy sources, as well as the proportion of 
electricity produced from renewable energy sources in hybrid plants also using 
conventional energy sources and including renewable electricity used for filling storage 
systems, and excluding electricity produced as a result of storage systems; 
“(d) ‘consumption of electricity’ shall mean national electricity production, including 
autoproduction, plus imports, minus exports (gross national electricity consumption).” 
In the article 4 called Support schemes it reviles that the Commission shall judge the 
application of mechanisms used for electricity production to see if the Member States 
give direct or indirect support to these electricity generation. The Commission shall 
present a report of this support, whether it is successful, compare the cost-effectiveness 
and whether it helps to meet the national indicative targets of the Member State. The 
report shall be accompanied by a Community framework which shall include the 
following: Help to achieve national indicative targets; work successfully with the internal 
electricity market; take in account the differences of RES along with technologies and 
geography differences; encourage the use of RES to be simple and efficient especially 
in the issues of prices; the change period for national support system shall include at 
least 7 years. [15] 
4.1.2 Directive 2009/28/EC 
A new directive about the use of energy from RES was made on April 23, 2009 called 
Directive 2009/28/EC on the promotion of the use of energy from renewable sources 
and amending and subsequently repealing Directives 2001/77/EC and 2003/30/EC. The 
countries of the EU didn’t have a chance to respond according to it. Important changes 
are mentioned there.  
In the Article 4 on the National renewable energy action plans, it mentions the 
“national renewable energy action plan” which each Member State should adopt; make 
its national targets for the following years, especially in the use of electricity, heating, 
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cooling and transport fuel from renewable sources by the year 2020. This action plan 
should also take in account the measures needed to fulfill the targets. The draft action 
plan should have been presented by June 30, 2009. [9]  
The drafts of action plans of the Czech Republic and Spain are going to be 
presented.  
 
The Czech Republic Draft of Action Plan  
The Draft of Action Plan for Biomass from 2009 - 2011 presents some targets of the 
Czech Republic to fulfill the EU goal. Basically, it brings out the necessity to start the 
investment for clean energy. 
As for the goal mentioned in the Plan, it is to double the use of biomass by the year 
2010, compared to the year 2003, meant for whole Europe.  
Summary of particular goals stated in the Action Plan: 
• 12 % overall share of RES as primary energy sources (PES) in 2010; 
• Czech government agreement on the goal of 13 % of energy share obtained from the 
renewable sources with the final use which means 8.6 % RES on primary energy 
sources;  
• Goal of 8 % of gross electricity production from RES in 2010. [16] 
In the Graph 4-1 and the Graph 4-2 present the increase of the use of RES according 
to the Ministry of Industry and Commerce in the Czech Republic. The data are taken 
from the last report about the RES from 2008. The difference and higher increase 
between the last years, from 2007 to 2008, are evident. The major use of renewable 
sources were the hydro power stations with 2 024 GWh, the next one is biomass with 
1 170 GWh. [17] 
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Graph 4-1 
Progress of the Electricity Generation from RES on GDP (Gross Domestic 
Production) [17] 
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Graph 4-2 
Progress of Electricity Generation for Primarily Use RES [17]  
 
The increase, evolution and progress in use of biomass for the gross energy 
generation are shown in the Graph 4-3. The difference of the year 2007 and 2008 in the 
use of the biomass is increased 20.91 %. [17]  
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Graph 4-3 
Progress of the Use of Biomass for Electricity Generation in MWh [17] 
 
Spanish Draft of Action Plan 
Spain has created a PER (Spanish Renewable Energies Plan) for 1998-2010. 
However, in 2005, the fulfillment of the goals set was reviewed. The growth of RES was 
insufficient to reach the 2010 goals which were the following according to the 
government that had the following objectives to achieve in 2010: 
• A minimum of 12 % of total energy consumption must be produced from RES; and 
• A minimum of 29.4 % of the total generation of electricity must be produced from 
RES. 
As a consequence, PER 2005-2010 was made up to reinforce the government’s 
support of renewable energies through different measures (including maintaining or 
improving their economic regime). 
All these go along with the former national legislation called Royal Decree 
(RD) 661/2007 that is explained in the chapter about the Spanish legislation. The goals 
were clear and are quoted as follows:  
• At the first place, the economic incentives represented are essential to reach the 
government’s objectives for RES; 
• The regulation must offer economic stability for entire life of generation facilities; 
• The new regulations should take in account the prior regulations and should promote 
technologies that are less developed, always taking as priority the governmental 
targets. In order to raise these technologies, the respective tariffs for them will 
provide an internal rate of return (IRR) after tax above the minimum level considered 
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by the Comisión Nacional de la Energía (Spanish National Commission or CNE) as a 
reasonable IRR for renewable energy plants (7 %). [18] 
In 2009, there was already present the RD 661/2007 and the Draft Action Plan for 
Biomass 2011-2020 was made according to the EU Directive of 2009 and presents the 
following targets of Spain to fulfill the EU goal for 2020:   
• First estimation from the RES is the 22.7 % of gross electricity consumption in 2020 
compared to the Spanish objective of 20 % in 2020, which means 2.7 million of 
tonnes equivalent to oil (toe).    
• As the intermediate estimation, it is previewed that 15.5 % of energy in 2012 
(compared to the estimated 11.0 %) and 18.8 % in 2016 (compared to the estimation 
of 13.8 %) will be from RES. 
The major development of the renewable sources in Spain correspond to the 
generation of electricity, the draft of the RES gross electricity contribution is of 42.3 % in 
2020. [18] 
According to the following Graph 4-4 taken from the “Estudio del Impacto 
Macroenconómico de las Energías Renovables en España” (Study of Macro economical 
Impact of the Renewable Energies in Spain) from November 2009, the progress of the 
contribution to GDP from the Renewable energy sector during the years 2005 – 2008 
and the goal to reach for the year 2010 are shown. [19] 
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Graph 4-4 
Progress of the Electricity Generation from RES on GDP [19] 
 
The Graph 4-5 was adapted from information by Asociación de Productores de 
Energías Renovable (APPA Association of the Renewable Energy Producers) as the 
general information about this data was impossible to find. The increase of the use of 
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RES between the years 2003 and 2008 was insignificant. The goal for 2010 looks like 
unreachable even though the government of Spain promised to support economically 
what would be needed to reach the goal. [19] 
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Graph 4-5 
Progress of the Electricity Generation for Primarily Use RES [19] 
Spain does not present the information on progress of the electricity generated from 
biomass in MWh. It provides the potential of the biomass in MW. The main motive of the 
graphs is the ability to compare the information with the Czech Republic. It is considered 
that the annual operation of the boiler could be 8 000 hours (if we multiply 365 days by 
24 hours – the goal is to use the biomass boilers to its maximum which is 8 760 hours a 
year; the maintenance and season related decrease in heating are discounted, and due 
to that 8 000 hours a year were used in the calculations).  
The data in MW were multiplied by 8 000 hours and the results in MWh are shown in 
the Graph 4-6.  
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Graph 4-6 
Progress of the Electricity Generated by the Use of Biomass in MWh [19, 20] 
 
The Directive 2009/28/EC continues:  
The final national renewable energy action plans have to be made by June 30, 2010. 
According to the article 13 on Administrative procedures, regulations and codes, each 
Member State shall encourage to use the renewable sources for heating and cooling 
systems, which helps to reduce the energy consumption. There is also support to create 
eco-labels or other certificates to encourage these systems and equipments. For 
biomass, it encourages the “conversion of technologies that achieve an efficiency of at 
least 85 % for residential and commercial applications and at least 70 % for industrial 
applications.” 
In the article 22 on Reporting by the Member States, it stresses the development of 
the available and used biomass for energy purposes and additionally the changes in 
prices and land use associated with the increased use of biomass or energy from other 
renewable sources.  
In the article 26 on Amendments and repeal, the Directive 2001/77/EC, articles 4 shall 
be deleted with effect from 1 April 2010 and whole Directives 2001/77/EC shall be 
repealed with effect from January 1, 2012. 
In the article 27 on Transposition, it is stated that this Directive comes into force on 
December 5, 2010. [9] 
The Annex I on National overall targets for the share of energy from renewable 
sources in gross final consumption of energy in 2020 shows the overall targets of the 
countries – Table 4-1. [9]  
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Country/ Years 2005 2020 
Belgium 2.2% 13% 
Bulgaria 9.4% 16% 
Czech Republic 6.1% 13% 
Denmark 17% 30% 
Germany 5.8% 18% 
Estonia 18.0% 25% 
Ireland 3.1% 16% 
Greece 6.9% 18% 
Spain 8.7% 20% 
France 10.3% 23% 
Italy 5.2% 17% 
Cyprus 2.9% 13% 
Latvia 32.6% 40% 
Lithuania 15.0% 23% 
Luxembourg 0.9% 11% 
Hungary 4.3% 13% 
Malta 0.0% 10% 
Netherlands 2.4% 14% 
Austria 23.3% 34% 
Poland 7.2% 15% 
Portugal 20.5% 31% 
Romania 17.8% 24% 
Slovenia 16.0% 25% 
Slovak Republic 6.7% 14% 
Finland 28.5% 38% 
Sweden 39.8% 49% 
United Kingdom 1.3% 15% 
Table 4-1 
National Overall Targets of Gross Final Consumption of Energy, Annex 1, 
Directive 2009/28/EC [9] 
 
4.2 The Czech Legislation 
The Czech legislation is based on the Directive 2001/77/EC and it is called 
Act No. 180/2005 Coll. on the promotion of electricity production from renewable energy 
sources and amending certain acts (Act on Promotion of Use of Renewable Sources). 
The financial aid according to this act is the one that goes along with the generation 
of electricity from RES, in the case of biomass; the aid goes along with the detailed 
description of the kind of biomass according to the parameters related to legal 
regulation, technology and efficiency of boilers. Economic aid related to the different 
kinds of biomass will be presented. 
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The producer of electricity from RES, to which the aid is related, has the right to offer 
the electricity for sale or can ask for “green bonus”. There is always the possibility to 
change to the other option but that shall be done by January 1 of the following year.  
The producer sells the electricity to the electricity distributor or to the regional network 
supplier. The green bonus is paid by the distributor in CZK/MWh. (“Green bonus” or 
purchase price is to balance the expenses for the electricity generation from RES. The 
price of the electricity generated of the RES is higher because of the life facility 
conversion compared to the electricity generation from the non-renewable resources. 
This difference is compensated by these green bonuses.).  
Energy Regulatory Office (ERÚ) issues price decision for each calendar year 
concerning the prices of electricity generated from RES. This office shall estimate the 
prices of individual kind of biomass and green bonuses to create the indicative goal of 
gross electricity made from the RES of 8 % for year 2010. According to the legislation, if 
the technology started before or after the act came into the force, there are different 
economical aids. As the introduction to the operation can be considered also end of 
renovation of technical part, change of fuel, or end of modernization that gets better 
technical and economical level of the current technology. [21] 
The Table 4-2 contains the information for the year 2010, the green bonuses and 
purchase prices of the electricity generated from the biomass.  
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Date of Introduction Into Operation 
Purchase 
Prices of 
Electricity 
Given to The 
Net 
[CZK/MWh] 
Green 
Bonus 
[CZK/MWh] 
Electricity production by burning clean biomass 
of category O1 in new electricity producers or the 
source from January 1, 2008 until December 31, 
2010 
4580 3610 
Electricity production by burning clean biomass 
of category O2 in new electricity producers or the 
source from January 1, 2008 until December 31, 
2010 
3530 2560 
Electricity production by burning clean biomass 
of category O3 in new electricity producers or the 
source from January 1, 2008 until December 31, 
2010 
2630 1660 
Electricity production by burning clean biomass 
of category O1 from sources introduced to work 
before January 1, 2008 
3900 2930 
Electricity production by burning clean biomass 
of category O2 from sources introduced to work 
before January 1, 2008 
3200 2230 
Electricity production by burning clean biomass 
of category O3 from sources introduced to work 
before January 1, 2008 
2530 1560 
Electricity production by burning clean biomass 
of category O1 in former producer 2830 1860 
Electricity production by burning clean biomass 
of category O2 in former producer 2130 1160 
Electricity production by burning clean biomass 
of category O3 in former producer 1460 490 
Electricity production by burning together with 
biomass fuel of category S1 and fossil fuels - 1370 
Electricity production by burning together with 
biomass fuel of category S2 and fossil fuels - 700 
Electricity production by burning together with 
biomass fuel of category S3 and fossil fuels - 50 
Electricity production by parallel burning of 
biomass of category P1 and fossil fuels - 1640 
Electricity production by parallel burning of 
biomass of category P2 and fossil fuels - 970 
Electricity production by parallel burning of 
biomass of category P3 and fossil fuels - 320 
Table 4-2 
Financial Aid for 2010 according to the Act No.180/2005 Coll. [22] 
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The description of the categories is the following:  
1. Categories O1, S1 and P1 are the energy crops of annual and perennial, 
purpose-grasses and purpose-fast-growing-wood for energy purposes; 
2. Categories O2, S2, and P2 consist of:  
a. secondary products from wood exploitation (including leaves and needles) 
and fuel made of these;  
b. wood residues from forestry, parks, and similar activities (including leaves 
and needles) and fuel made of these; 
c. bark from the trees left without bark and fuel from made of it;  
d. secondary product or residue from plant production (straw, grain residues, 
unused grain of food production);  
3. Categories O3, S3 and P3 consist of sawdust and wood-shaving, biofuels made 
of biomass and other unclassified biomass. [22] 
 
 
4.3 The Spanish Legislation 
The current regime is embodied in RD 661/2007 of May 25, 2007 (RD 661/2007). It 
represents improvement to the legal and economic regime applicable to the generation 
of electricity from RES. Before listing the main characteristics, there are presented the 
benefits of the RD 436/2004 of March 12, 2004 as it is quoted in the RD 661/2007 as the 
option for the ones who generate electricity. RD 436/2004 is prior act to the 
RD 661/2007. 
The categories are explained in detail under the financial aid of the new 
RD 661/2007. As they are the same they are not repeated in the text.  
 
4.3.1 Royal Degree 436/2004 
The full name is the Royal Degree 436/2004 establishing the methodology for the 
updating and systematization of the legal and economic regime for electric power 
production in the special regime.  
According to the Article 23 of the RD, the regulated tariff shall consist of a percentage 
of each year’s average or reference electricity tariff.  
The Table 4-3 specifies the financial aid according to the RD for the year 2010. The 
aid consists of the regulated tariff and the referential raw material. [23] 
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Group Sub group 
Capacity 
[MW] Period 
Regulated 
Tariff 
€/MWh 
Referential 
Raw 
Material 
€/MWh 
First 15 years 169.4 128.1 C≤2MW Thereafter 125.7 0.0 
First 15 years 155.1 111.6 b.6.1 2MW ≤C Thereafter 130.6 0.0 
First 15 years 135.4 94.3 C≤2MW Thereafter 91.3 0.0 
First 15 years 113.8 70.2  b.6.2  2MW ≤C Thereafter 85.3 0.0 
First 15 years 135.4 94.3 C≤2MW Thereafter 91.3 0.0 
First 15 years 125.2 81.6 
b.6 
b.6.3 
2MW ≤C Thereafter 85.3 0.0 
First 15 years 135.4 94.3 C≤2MW Thereafter 91.3 0.0 
First 15 years 115.8 72.3 b.8.1 2MW ≤C Thereafter 86.9 0.0 
First 15 years 100.3 59.3 C≤2MW Thereafter 70.4 0.0 
First 15 years 75.5 36.4 
b.8 
 b.8.2  
2MW ≤C Thereafter 75.5 0.0 
Table 4-3 
Financial Aid for 2010 according to RD 436/2004 [24] 
 
 
4.3.2  Royal Degree 661/2007 
The full name is the Royal Degree 661/2007 on the regulation of electricity production 
through a special feed-in system. 
Some outstanding characteristics are quoted below:  
• The generation facilities may choose between the tariff and market options. Any 
generation facility under the special regime may change from one alternative to the 
other fulfilling a minimum period of one year for the chosen alternative. There is an 
ability of bilateral contract price between the producer and consumers freely 
negotiated between the parties.  
• Some additional can be received amounts depending on the circumstances of the 
generation facility (complement for efficiency of cogeneration plants and complement 
for reactive energy, besides others). 
• Plants that entered into commercial operation before January 1, 2008 may choose 
between being under the prior regime of RD 436/2004 and benefiting from the 
economic regime set forth in RD 661/2007. If the plant chooses to be under 
RD 436/2004, two results may be possible:  
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- if the option chosen is the feed-in tariff, then the tariff regime of RD 436/2004 will 
apply for the entire lifetime of the plant; or  
- if the market option is chosen, the economic regime for this option under 
RD 436/2004 will be applied until December 31 2012, and the economic regime for 
this option under RD 661/2007 will be applied afterwards. 
RD 661/2007 includes the following possibilities of review - Annual review of the 
applicable tariffs, premiums, complements referring to the consumer price index 
minimum: 
• 0.25% (until December 31, 2012); and 
• 0.50% thereafter. 
During 2010 (and every 4th year thereafter) the tariffs, premiums, and complements 
will be reviewed taking the following criteria into account: 
• the degree of accomplishment of PER 2005-2010 (and any subsequent plan that is 
approved); 
• Estrategia de Ahorro y Eficiencia Energética en España (the Energy Savings and 
Eficiency Strategy for Spain); 
• the costs associated to each technology; 
• the percentage of the electricity demand that is satisfied by the special regime; and 
• any impact of the special regime on the technical and economic aspects of the 
electricity system. 
The Spanish regulation RD 661/2007 applicable to the generation of electricity from 
renewable sources is one of the best in Europe and in the world. This has been 
acknowledged by the European Commission. [18, 25]  
The Table 4-4 presents prices according to the RD 661/2007 and each group is 
described under it. As it was presented in c€/kWh, it was converted to €/MWh, to the 
same as the Czech legislation, for the purpose of price comparison. [25] 
 
 
Process and Environmental Engineering – VUT Brno 
Bc. BOUMOVÁ Markéta: Utilization of Unconventional Biomass for Energy Production  
                                                    Master’s Thesis                                                                
 
 
 
- 29 -
 
Group Sub group 
Capacity 
[MW]  
Period of 
Time 
Regulated 
Tariff 
[€/MWh] 
Referential 
Raw 
Material 
[€/MWh] 
Limit 
Superior 
[€/MWh] 
Limit 
Inferior 
[€/MWh] 
First 15 years 158.9 115.3 166.3 154.1 C≤2MW 
Thereafter 117.9 0.0     
First 15 years 146.6 101.0 150.9 142.7 
b.6.1 
2MW ≤C 
Thereafter 123.5 0.0     
First 15 years 125.7 82.1 133.1 120.9 C≤2MW 
Thereafter 84.8 0.0     
First 15 years 107.5 61.9 111.9 103.8 
 b.6.2  
2MW ≤C 
Thereafter 80.7 0.0     
First 15 years 125.7 82.1 133.1 120.9 C≤2MW 
Thereafter 84.8 0.0     
First15 years 118.3 72.7 122.6 114.4 
b.6 
b.6.3 
2MW ≤C 
Thereafter 80.7 0.0     
First 15 years 128.0 84.6 166.3 154.1 C≤2MW 
Thereafter 86.3 0.0     
First 15 years 110.0 63.8 150.9 142.7 
b.8.1 
2MW ≤C 
Thereafter 82.1 0.0     
First 15 years 94.8 51.6 133.1 120.9 C≤2MW 
Thereafter 66.5 0.0     
First 15 years 71.4 30.0 111.9 103.8 
b.8 
 b.8.2  
2MW ≤C 
Thereafter 71.4 0.0     
Table 4-4 
Financial Aid for 2010 according to RD 661/2007 [25] 
 
Products included in group b.6 
Products included in the subgroup b.6.1 
a) Energy agricultural cultivates  
Biomass of agricultural origin produced specifically and only for energetic purposes 
through the cultivation, harvesting and, in case of necessity, processing of the 
recollected raw material. According to its origin, they are divided in grassy and woody 
material.  
b) Energy forest cultivates  
Biomasses of forest origin, precedent by major utilization of forestall material, originated 
from the cultivation and, in case of necessity, from the raw material recollected with the 
energetic goal.   
Products included in the subgroup b.6.2 
a) Residues of the agricultural activities. Residue biomass originated during the 
cultivation and first agricultural product processing including peeling if necessary. 
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The following products are included:  
1. Grassy Agricultural Residues: 
1.1. From cereal cultivation: straw and others 
1.2. Garden products: residues from the greenhouse 
1.3. Cultivation for the agro-industry as cotton and flix  
1.4. Cultivation of pulse and oleaginous seeds  
2. Agricultural woody residues: originating from pruning of special agricultural 
    woods: olive trees, vine trees and fruit trees 
b) Residues from the gardening: Residue biomass generated from cleaning and 
maintenance of gardens. 
Products included in the subgroup b.6.3: 
Residues from forestry in relation to both forests and green places  
Residues of biomass produced during the landscaping or utilization of forest material, 
including pruning as well as cleaning and maintenance of green places.  
Products included in the group b.8 
Products included in the subgroup b.8.1  
Biomass coming from the agricultural industries installations:  
1. Residues from the olive oil and olive orujo (olive pomace) oil production 
2. Residues from the olives production 
3. Residues from the seed extraction oil 
4. Residues from the vine and alcohol industry 
5. Residues from the conservation industries.  
6. Residues from the beer and malt industry 
7. Residues from the industry of production of dried fruit  
8. Residues from the rice production industry 
9. Residues from the seaweed processing 
10. Other kinds of agro-industrial residues 
Products included in the subgroup b.8.2 
Biomass originating from the forest industrial installations: 
1. Residues of the first transformation in the forest industry. 
2. Residues of the second transformation in the forest industry of (furniture, doors, 
carpentry) 
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3. Other forest industry residues. Residues coming from the recuperation of 
lignocellulosic materials (pickings, pallets, furniture, construction material…etc.). [23, 
25] 
 
4.3.3 Andalusia 
The Spanish Constitution (the fundamental law where all the Spanish laws are 
embodied) points out that the autonomous communities are responsible for all issues 
relating to residual materials, in this case to biomass, (according to the constitution 
articles 148-149) with the exception of certain elemental attributes. Since Andalusia is 
considered the major community with the olive production in the world, this thesis is 
going to concentrate only on this autonomous community. 
Concerning Andalusia, a website on the olive production states:  
“These days, Spain is the country with the highest olive production (more than 
300 million of olive trees), followed after an enormous gap by Greece and Italy, 
Mediterranean countries also known for olive production.  
“Spain is classified as world’s top producer of olive oil, with annual average of 
700 000 - 800 000 tonnes. It is also world’s top exporter of table olives.   
“On the national level, the major production quantity of olive oil is in the region of 
Andalusia (approx. 80 %), followed by Castilla la Mancha (6-7 %), Extremadura (5 %) 
and Catalonia (4 %).” [26] 
According to the article of Energías renovables (Renewable Energy) newspaper of 
January 25, 2010, Andalusia obtained almost 5 million € to install the biomass boilers for 
the residues created by the olive trees (it includes all the kinds of residues created by 
the processes which the olives undergo).  
In the opinion of the councilwoman of Agricultural and Fish Andalusia Committee, 
Clara Aguilera, a project for biomass boiler installations in educational and municipal 
buildings in the region with the goal to utilize and value the renewable energy potential 
of the biomass created from olives was presented and co-financed by the Ministerio de 
Medio Ambiente y Medio Rural y Marino (MARM Ministry of Environment and 
Agriculture and Marine) and Chamber of Deputies.  
The budget for this kind of installations is rising up to 5 million € and includes 
95 municipals of the province Jaén. As the councilwoman stated, this actualization 
“starts in Jaén the Law of Sustained Development of Agriculture, so it constitutes the 
first initiation that will be a new directive in the future” and she adds that it could spread 
to other Andalusia provinces.  
The pilot project called Faro will be applied as an experimental program for the law 
mentioned for which the MARM and the Committee will create up to 43 projects in 
Andalusia. It is seen as an important advance from the point of view of environment with 
by which the reduction of GHG emission will take place and it will put a value to the 
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residues of olive trees as the olive pit and orujillo (olive marc) to convert them into 
commercial sub-products as new fuels.  
The councilwoman acknowledged that this pilot project will initiate a strong biomass 
demand which will create an important market for a sub-product so abundant in the 
province Jaén and boost its utilization.”  This establishes the three-stage project Faro 
that is going through a technical and economic study to measure boilers power for the 
installation and the installation of biomass feeding silo and of course activation and 
guarantee of available combustion by means of agreement and supplying contracts with 
local oil companies. [27] 
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5 Biomass in the Czech Republic 
As the Czech Republic is a landlocked country, a brief consideration of its climate and 
the geography is presented here as it mainly influences the plants cultivated and the 
industry that uses the plants and creates the biomass typical of the country. 
5.1 Climate and Geography 
According to the Czech Hydro Meteorological Institute, the climate is influenced by 
the continental and the oceanic climates. The differences in the climate are not great 
within the Czech Republic; what makes the difference is more likely the altitude from the 
sea level. The climate is generally very humid and cloudy.  
The temperatures vary from -17°C in February, which is considered the coldest 
month, to 33ºC in July, which is considered the warmest month. The spring and summer 
are known for their rains, the approximate precipitations are 450 millimetres. The 
summers are considered relatively hot; the winters are cold, cloudy and snowy.  
Climate depends on the topography it contributes to the diversity of the natural 
environment. For this reason, the Picture 5-1 illustrates the geography of the Czech 
Republic.  [28, 29] 
 
 
Picture 5-1 
Geography of the Czech Republic [29] 
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5.2 Unconventional Biomass 
The conventional biomasses are the residues from the forest and wood industries, 
wood chips, bark etc. According to the Action Plan, this biomass is used a lot and its 
utilization is getting to its limit. For this reason the thesis is concerned with the 
unconventional biomasses which are residues of different industries.  
This subheading contains description of 4 possibilities of biomass to use. They are 
created from the food industry, spent grain from brewing processes, dried sugar pellets, 
grain straw and oil production residues. There is a detailed description of sunflower 
industry residues. 
 
5.2.1 Spent Grain from Brewing Process 
When unconventional biomass and the Czech Republic are discussed, there is the 
need to start with a typical product, such as beer, by which this country is very well 
known.  
From brewing the beer, there are various residues created generally called spent 
grain. This residue has high humidity and it is necessary to drain and dry it. The draining 
process creates a lot of organic waste water.  
The Table 5-1 shows detailed information. It is very clear that this residue contains a 
lot of water and has very low heating value. The content of ashes is low, also. 
  
Parameter  Unit Value 
Moisture [wt. %] 80 
H.H.V. [MJ/kg] 4.4 
L.H.V. [MJ/kg] 2.1 
Ash [wt. %] 0.7 
Table 5-1 
Parameters of Spent Grain 
5.2.2 Dried Sugar Pellets 
The Czech Republic is known for its sugar beet industry as the climate allows for 
growing sugar beet. In recent years, though, the production of sugar beet was lowered 
for many reasons. On April 19, 2010, Česká tisková kancelář (ČTK Czech News 
Agency) published that the last year production of industrial sugar beet was higher than 
usual. Since 2004, there was a huge reduction of the sugar beet production. This 
information was published in harmony with the data of ČSÚ. [30] 
Dried sugar pellets are the residue of the sugar production process. The input raw 
material is the juice extraction. When the sugar is eliminated, the residue contains a high 
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percentage of water. The producer usually dries the residue and then makes pellets. 
This method forms dried sugar pellets.  
The Table 5-2 shows the basic facts of this biomass.  
 
Parameter  Unit Value 
Moisture [wt. %] 12.0 
H.H.V. [MJ/kg] 14.4 
L.H.V. [MJ/kg] 13.1 
Ash [wt. %] 10.9 
Table 5-2 
Parameters of Dried Sugar Pellets 
 
5.2.3 Grain Straw 
Grain straw is a kind of residue created from cultivation of grain. It can be straw from 
wheat, barley, rye, and oat. In this case, the most common is wheat, so this focuses on 
wheat straw. During the harvest, the straw is left in the field. The straw is the residue of 
the food industry. Many times the wheat straw is compressed into bales as it is more 
compact. [31] 
The Table 5-3 shows detailed information of this biomass.  
 
Parameter  Unit Value 
Water Content [wt. %] 11.4 
L.H.V. [MJ/kg] 14.8 
Ashes Content [wt. %] 4.3 
Table 5-3 
Parameters of Grain Straw [31] 
 
5.2.4 Oil Production Residues 
One of the oil producing plant used is colza. It is recognized as one of the most 
important oil plant for the production of vegetable oil in the Czech Republic. Another 
plant is sunflower which is considered with more detail in the next chapter.   
As a secondary product of the colza oil seed press are pressings (technology without 
extraction) or extraction grout (technology with extraction). These residues are easy to 
use as fuel. The L.H.V. is around 16.5 MJ/kg. 
Process and Environmental Engineering – VUT Brno 
Bc. BOUMOVÁ Markéta: Utilization of Unconventional Biomass for Energy Production  
                                                    Master’s Thesis                                                                
 
 
 
- 36 -
Colza grout is well known. It consists of around 84 weight percent of organic material. 
The melting temperature is around 1 200°C.  
The Table 5-4 contains the detail information. 
 
Parameter  Unit Value 
Moisture [wt. %] 10.0 
L.H.V. [MJ/kg] 16.5 
Ash  [wt. %] 6.5 
Table 5-4 
Parameters of Colza Grout 
 
5.2.5 Comparison of the Unusual Biomass 
The following graph shows details of comparison of the L.H.V. and the content of ash.  
The Graph 5-1 indicates the very well known fact that if the L.H.V. is low the biomass 
contains high percentage of water and is low on ash content. What is really desirable is 
to have dry biomass even though it means higher ash content but it has more desirable 
L.H.V.   
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Graph 5-1 
L.H.V. and Ash Content of Quoted Food Industry Residues 
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5.3 Detailed Description of Sunflower Processing 
The use of sunflower in the Czech Republic is very close to the use of olives in Spain.  
That was the main reason to use this information to be able to see the facts and 
compare the results. 
5.3.1 Production of Sunflowers 
Sunflower is a plant that usually grows to about 2 m in height. It has a sturdy stalk 
and rough, green leaves. The flower is big and round and it has yellow petals. A 
sunflower’s center can vary in diameter and according to this it produces 100 to 8 000 
seeds. The kernels are the seeds in the hull. It is known for its high oil content which 
goes up to 80 %. [32] 
Sunflower is the most commonly used oil plant after colza in the Czech Republic. The 
sunflower production data are taken from recent reports by Svaz pěstitelů a 
zpracovatelů olejnin (SPZO Union of Oilseeds Growers and Processors) which can be 
obtained by application to Ing. Málek, the responsible person for sunflower production.  
The Graph 5-2 shows the production of sunflowers in the last 5 years.  
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Graph 5-2 
Sunflower Production in the Czech Republic, According To SPZO 
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The production of sunflower is very important especially for the oil production 
process. According to Czech Statistic Office (ČSÚ), the production of 61 031 tonnes of 
sunflowers produced in 2010 are used for the following purposes (the numbers are 
approximated):  
• 50 100 tonnes of oil kind 
• 3 100 tonnes of high oleic (higher content of oil acid in the oil) 
• 7 700 tonnes for bird food 
Peeled sunflower is usually brought to the Czech Republic from other countries. 
 
5.3.2 Sunflower Oil Processing 
When the sunflower seeds in shell get to the industrial facility, they are prepared and 
cleaned. 
The oil process is consists of four successive stages: trituration, pressing, hexane 
extraction of the remaining oil in the meal and refining.  
The sunflower oil can be produced from three possible seed options. One option is to 
dehull the sunflowers and then get the oil only from the seeds; another one is to leave 
seeds in the shells and press out the oil of them; and the last one is to make oil from the 
combination of hulled and dehulled seeds.  
When pressing the oil, the residue which is created is the sunflower press cake which 
contains 18 % of oil. After the hexane extraction of the press cake, the residue is called 
sunflower grout and contains only 2 % of oil.  
The sunflower contains high percentage of oil. To get the oil out of the sunflower 
kernels, cells must be broken. The processing of sunflower oil starts with trituration. It is 
a way of crushing and disrupting their closeness and it facilitates the diffusion of the 
soluble compounds and the release of the oil. Afterwards, centrifugation is used to 
separate liquid and solid parts.  
Then the pressing process of the solid parts follows. By pressing the triturated 
sunflower kernels is gained the oil. There are two possible ways to get the oil. In cold 
press it is usually done at low temperature, at about 15 ºC. This way the oil has law 
phosphor content. Another option is to warm up the seeds to the temperature a little 
above 100ºC. In this way more oil with lower quality is gained. The best oil is gained by 
cold pressing.  
After the pressing, there is the remaining oil in the meal or press cake. This oil is 
reached by subsequent hexane extraction. 
Afterwards, there comes the degumming process follows which consists of replacing 
of the gum which the sunflower seeds contained. The oil without degumming is very 
slime.  
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Then the crude oil is industrially refined for purification from undesirable elements 
which are undesirable. An example of an undesirable compound is the benzene. In this 
way the oil is improved. 
At the end of the process, there are several procedures that take place, first of all 
bleaching, then dewaxing, deodorization, and at the end storage.  
There are several factors that directly influence the efficiency: size of the solid 
particles, degree of agitation or trituration, temperature of the oil processing, extraction 
duration, and number of extraction stages. Oil yield depends on how effectively the cells 
are ruptured during the extraction process. A fraction of the oil remains trapped in the 
cellular matrix. [33, 34, 35, 36] 
The Graph 5-3 indicates the sunflower oil processing with its residues in each part. As 
it shows, the highest residues are sunflower press cake and sunflower grout.  
The Table 5-5 shows are expressed detailed information of and differences between 
the press cake and grout of sunflower oil processing. The low-heating-value is higher for 
pressing cake as it contains higher percentage of oil but on the other hand, the ash 
content is higher as well. These days the grout residue is used more for maximum 
utilization of sunflower seeds.  
The Table 5-6 shows more detailed information about the residues of sunflower oil 
processing, and details of the chemical composition. Even though it does not include 
details of the sunflower grout, the knowledge that the sunflower grout is a residue of the 
sunflower press cake hexane extraction indicates the approximate chemical composition 
of it. Dangerous chemical substances that can be created during combustion of this 
material are the following: SO2, NOX, CO, HCl and HF. As the table indicates, the 
quantity of S, N and Cl are very low and the F is immeasurable. The information is very 
important as in the chapter 7 there is a comparison of the basic facts of the sunflower 
residues and the olive residues.  
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Graph 5-3 
Sunflower Processing Graph 
 
 
 
  
L.H.V. 
[MJ/kg] 
Ash 
[wt.%] 
Moisture 
[wt.%] 
Press Cake 17.23 7.22 4      
Grout 16.1 6.14 9.9 
Table 5-5 
Sunflower Processing Residue Detail [36] 
 
 
 
C H O S N 
[wt.%] [wt.%] [wt.%] [wt.%] [wt.%] 
46.68 6.63 29.91 0.68 4.97 
Table 5-6 
Detail of Sunflower Press Cake [36] 
 
Sunflower Seeds 
Sunflower Oil Processing 
Sunflower Press Cake 78 % 
Oil of the Sunflower Press Cake 
Sunflower Grout 84 % 
Sunflower Oil 22 % 
Sunflower Press Cake Oil 16 % 
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5.3.3 Sunflower Seeds Processing 
Sunflowers that are eaten directly are planted for the purpose to be eaten; they are 
not oleic which means they do not have such a high percentage of oil content.  
Sunflower seeds process is very simple and it is as follows:  
First of all, hulled seeds are cleaned. The next step is to classify the seeds into large, 
medium, and small sizes. Then there are seeds that are salted in shell, the other ones 
are dehulled. The dehulling process is difficult because of the high oil content of the 
sunflower seeds. For many reasons, this kind of the sunflower seeds are usually brought 
to the Czech Republic from other countries which offer better price, these days mostly 
from China, and they are already peeled. [35]  
The Table 5-7 contains the detailed information about the sunflower hulls, the ash 
and moisture content and the low-heating-value. The Table 5-8 presents the chemical 
analysis of this biomass. [35] 
 
Ash L.H.V. Moisture 
[wt.%] [MJ/kg] [wt.%] 
2.85 18.04 11.4 
Table 5-7 
Sunflower Hulls [36] 
 
C H O S N 
[wt.%] [wt.%] [wt.%] [wt.%] [wt.%] 
46.4 7 41.9 0.5 1.4 
Table 5-8 
Chemical Analysis of Sunflower Hulls [36] 
 
5.3.4 Sunflower Plant Residues 
To specify the residues of sunflower, they are the stalks, leaves, and heads. After the 
sunflower harvest, the seeds are collected and the residues are crashed and cut. The 
sunflower residue is left on the field as the post-harvest residues. The sunflower 
residues are handled this way in the Czech Republic. There might be other possible 
processes how to use this kind of biomass. 
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5.3.5 Comparison of Sunflower Residues 
When talking about the sunflower processing residues, there are several issues like 
sunflower press cake, sunflower shells and sunflower grout. Their share depends on 
many natural factors.   
The Table 5-9 shows the basic facts about sunflower residues. Even though we are 
going to compare mainly the oil residues and the shells with the olive residues, main 
information concerning the gross biomass is shown here.  
The Graph 5-4 clearly shows the differences of the sunflower residues. [36]   
 
  Ash L.H.V. Moisture 
  [wt.%] [MJ/kg] [wt.%] 
Hulls 2.9 18.0 11.4 
Press Cake 7.2 17.2 4 
Grout  6.1 16.1 9.9 
Table 5-9 
Comparison of Sunflower Residues [36] 
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Graph 5-4 
Comparison of the Sunflower Residues 
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6 Biomass in Spain 
Spain is a Mediterranean country even though the weather is influenced by 
geographic position and climate. This part is going to be explained first and the following 
subheadings include the biomass availability and possibilities. 
6.1 Climate and Geography 
The climate varies a lot. It has marine, continental, Mediterranean, mountainous, and 
arid climates. This is what mainly influences the fertility of the fields, which goes along 
not only with the plants but also the processing of plants that create biomass.  
For this very reason, the Picture 6-1 of Spain illustrates the climate rather than of the 
geography.  
The temperatures vary greatly; it can drop to -15°C in December or January, as these 
months are considered the coldest ones, to 45°C in July or August. The winter and 
spring are known for its precipitations, the approximate precipitations during the year are 
200 millimeters. The information was taken from the Agencia Estatal de Meteorología 
(AEMET Meteorological State Agency).  [37, 38] 
 
Key:  
- Oceánico       Oceanic 
- Continental    Continental 
- Mediterráneo Mediterranean  
- Montaña        Mountains 
- Árido             Arid 
 
 
Picture 6-1 
Climate Map of Spain [38] 
 
 
The Table 6-1 shows the energy generated in MWh even though Spain does not use 
this system of expressing it. The logic used is the same as in the Graph 4-6, the 
8 000 hours a year for the potential from RES. The data are taken from the APPA study 
of Spanish RES potential.  
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Autonomous 
Community Wind Hydraulic Solar Biomass Total 
Andalusia 12 336 000 1 016 000 4 136 000 1 352 000 18 840 000 
Aragón 13 712 000 2 472 000 856 000 176 000 17 216 000 
Asturias 2 208 000 616 000 8 000 344 000 3 176 000 
Baleares 32 000 0 400 000 0 432 000 
Canarias 1 128 000 8 000 728 000 8 000 1 872 000 
Cantabria 144 000 792 000 8 000 24 000 968 000 
Castilla La 
Mancha 26 680 000 912 000 6 120 000 360 000 34 072 000 
Castilla y León 25 136 000 1 592 000 2 520 000 80 000 29 328 000 
Catalonia 3 384 000 2 280 000 1 184 000 296 000 7 144 000 
Ceuta y Melilla 0 0 0 0 0 
Valencia 5 336 000 248 000 1 784 000 96 000 7 464 000 
Extremadura 0 136 000 3 008 000 8 000 3 152 000 
Galicia 24 344 000 3 832 000 64 000 608 000 28 848 000 
La Rioja 3 336 000 136 000 560 000 32 000 4 064 000 
Madrid 0 392 000 176 000 344 000 912 000 
Murcia 1 200 000 80 000 2 088 000 24 000 3 392 000 
Navarra 7 944 000 920 000 1 208 000 320 000 10 392 000 
País Vasco 1 224 000 416 000 152 000 616 000 2 408 000 
Total 128 144 000 15 848 000 25 000 000 4 688 000 173 680 000 
Table 6-1 
Energy Generated from the RES in Autonomous Communities in MWh [19] 
 
Because this thesis’ point of interest is the use of biomass, the following text will be 
talking about Andalusia due to the reasons that were already mentioned in the part 
about the legislation.  
The Picture 6-2 illustrates the map of Andalusia and its geographical position.  
Andalusia is situated in the south of Spain. According to the map on the Picture 6-1, it 
has Mediterranean and mountains climate. It is the biggest autonomous community with 
the Mediterranean climate. Andalusia has eight provinces. The province with highest 
production of the olives is Jaén. It is situated around the city of Jaén. [39] 
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Picture 6-2 
Map of Andalusia [39] 
 
6.2 Unconventional Biomass in Andalusia 
As this subheading deals closer with the unconventional biomass, it is desirable to 
define the conventional biomass. Conventional biomass in Spain is recognized forestall 
residues, sub-products of the forestry and residues of the woody agriculture.  
The conventional biomass is getting to its limits. For this and other reasons, there is a 
search for biomass which is available to generate electricity. According to the Action 
Plan, it is important to use the industrial biomass which is already available.  
In this subheading 4 types of the biomass are explained, that are created from 
processing, mainly food processing such as the pineapple, rice, and almond shell 
residues. The last type is the cork and it is very well known industry in Andalusia which 
gives several different residues from its processing.  
 
6.2.1 Pineapple Residues 
The residues of pineapples are considered to be the skins of dried fruit. The residues 
are formed in the food production of canned or dried pineapple. The pineapple has the 
skin peeled and then it is dried or used for the canning process.  
This residue has the following attributes: the moisture varies from 8 to 15 wt. % and 
the L.H.V. is between 16 and 19 MJ/kg.  
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The Table 6-2 shows the detail of the approximate parameters of the pineapple 
residues. [40] 
 
Parameter  Unit Value 
Moisture [wt. %] 11.5 
L.H.V. [MJ/kg] 17.5 
Ash [wt. %] 2.2  
Table 6-2 
Detail of the Pineapple Residues [40] 
 
6.2.2 Rice Residues 
Spain is known for its rice industry. They use rice in their national meals. Rice is 
necessary to peel. In this way, there is rice residue called rice husk or rice shell. The 
following table shows more detailed information about this kind of residue. It is of the 
keen interest to know the ash and moisture analysis together with the L.H.V.  
The Table 6-3 shows that rice shells create a lot of ashes, it is very humid and the 
L.H.V. is not very high. Even though, this kind of residue is another one that is created 
by food industry and is available. [41] 
 
Parameter  Unit Value 
Moisture [wt. %] 10.3 
L.H.V. [MJ/kg] 12.3 
Ash [wt. %] 21.8 
Table 6-3 
Detail of Rice Residue [41] 
 
6.2.3 Almond Shell 
Spain is known for sweet almonds. The almonds have shells and they are sold 
dehulled. The residue which is created is called almond shells. The mass of shells is a 
mixture of different types of almonds. 
The Table 6-4 indicates the approximate values of the almond shell parameters. [42] 
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Parameter  
Unit Value 
Moisture [wt. %] 12.5 
L.H.V. [MJ/kg] 16.7 
Ash [wt. %] 0.8 
Table 6-4 
Approximate Parameters of Almond Shells [42] 
 
6.2.4 Cork 
Cork industry is very complex and has different kinds of residues. The ones noted 
here are the following: sandpaper dust, sawdust, and triturated wood.  
The sandpaper dust is created in the preliminary stage of the cork industry.  The next 
residue created is the sawdust. The sawdust depends on the circumstances under 
which it is created; the high-grain sawdust is the residue of the cork sawing and the low-
grain sawdust is created in the final polishing of the cork before its sale. The triturated 
wood is the raw material for the cork industry.  
The Table 6-5 shows the detail of the ash, moisture and low-heating-value. [43]  
 
  Moisture L.H.V. Ash  
  [wt.%]  [MJ/kg] [wt.%] 
Sandpaper Dust 1.5 20.6 3.3 
Sawdust - High Grain 1.1 24.0 1.0 
Sawdust – Low Grain 0.9 25.3 2.2 
Triturated Wood 2.7 12.7 10.2 
Table 6-5 
Detail of the Cork Industry Residue [43] 
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6.2.5 Comparison of the Unconventional Biomass 
The Graph 6-1 shows a detailed comparison of the L.H.V. and the content of ashes.  
There is clearly shown that rice shell residues do not have very positive values as the 
ash content is very high compared to the other ones and the heating value does not 
correspond to it either. What might be very interesting about this biomass are generally 
the cork residues (except for the triturated wood which has very low heating value) and 
the pineapple shells. The residues are used all as they are mainly from the food industry 
and they are created on regular basis. The graph below compares the qualities of the 
residues.  
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Graph 6-1 
Comparison of Unusual Biomass Spain 
 
6.3 Detailed Description of Olive Processing 
Olive fruits grow on the olive trees. The trees are small, around 5 meters tall with 
dark, small, and tough leaves. Each tree can have between 15 and 50 kg of olive fruits. 
These trees live for hundreds of years. Young trees do not give fruit, they grow, later 
they give fruits; the older they are, the more fruit they produce. [44] 
 
6.3.1 Production of Olives 
In Andalusia, there is a disposition of 1 400 000 ha of the olive trees. From olives 
produced here, there is 92.5 % yearly designated to obtain the olive oil and the rest, 
7.5 % yearly, is designated to the production of the table olives. The quantity of the oil 
produced is 800 000 tonnes a year. [45] 
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According to the Instituto Nacional de Estadística (INE National Statistic Institute), the 
Graph 6-2 shows the production of olives in Andalusia in the last years reported. The 
reports do not contain more updated information. [46] 
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Graph 6-2 
Olive Production in Andalusia [46] 
 
6.3.2 Olive Oil Processing 
The processing of the olive oil starts by collecting of the olive fruit. This part of 
processing is manual or semi-manual. The processing is comprises of several 
operations: washing, preparation, extraction, and storage of the olive oil that was 
produced.  
First of all, the olives are cleaned, washed and classified according to quality and 
variety. 
The next stage is the milling (mashing) which breaks the olive cells that store the oil. 
Then the olive paste that is created is mixed at a constant temperature (around 35°C) to 
homogenize the three fractions of the paste – oil, water and olive pomace (orujo). This 
part of the olive oil processing is vital and important since it can dramatically affect the 
quality and quantity of the oil. For the purposes of good homogenization, there is a need 
to rising the temperature to create a consistent mass. The temperature rises fluently and 
slightly. There is a temperature limit over which the olive oil loses its quality.  
In the next stage, the best oil is centrifuged. It helps to separate different components 
that constitute the paste by means of centrifugal force. It separates the olive oil from 
olive pomace. This stage is called the extraction of the oil. It is very important that the 
olive oil flows at the extraction.  
After this process, there is a possibility to use the olive pomace. After drying it and 
putting it under the extraction to make oil from olive pomace. The oil extracted is of 
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lower quality. This process creates two types of residues, the olive marc (orujillo) and 
the smashed olive stones. [47, 48] 
The Graph 6-3 shows the detail of the residues created during the olive oil 
processing. It is of a keen interest that the main residue is the olive pomace, if it is not a 
part of the extraction process, and the following residue is the olive marc. Both of these 
residues are very humid.  
The Table 6-6 contains the details of the olive oil, olive pomace (orujo) and olive marc 
(orujillo) on the wet basis. Olive pomace has the highest low-heating-value for the high 
oil content. Olive pomace, though, is not usually used as the direct residue; it is mainly 
used to extract the rest of the olive oil as the olive oil is expensive. 
 The Table 6-7 shows the detail of the chemical analysis of the olive marc (orujillo) 
made of the dry basis. The olive stone has approximately the same chemical 
composition as olive marc (which is logical as both of these components are residues of 
the same process).   
 
 
 
 
Graph 6-3 
Olive Oil Processing and Residues 
 
Olive Fruit 
Olive Oil Process 
Olive Pomace  80 % Olive Oil   20 % 
Pomace Oil Extractor 
Olive Oil 3 % 
Olive Stone 15 % 
Olive Marc 87 % 
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  Moisture Ash 
L.H.V. dry 
basis 
  [wt.%] [wt.%] [MJ/kg] 
Olive Pomace 55.3 6.8 17.7 
Olive Marc 10.8  20.4 14.1 
Olive Stone 20.0 1.7  16.71 
Table 6-6 
Detail of Olive Oil Residues [48, 49, 50] 
 
 
C H O S N 
[wt.%] [wt.%] [wt.%] [wt.%] [wt.%] 
41.0 4.2 30.6 - 1.1 
Table 6-7 
Chemical Analysis Olive Marc (Orujillo) [49] 
 
In an average processing about 684 000 t/year of the olive marc (orujillo) is 
generated. [45] 
One part of the olive marc generated by the extractors is self-consumed in the same 
installation, in the drier of the olive marc as well as in the boiler for the steam generation 
for the process. 
 
6.3.3 Table Olive Processing 
The processing of the table olives is more complicated than the processing of the 
sunflower seed. The next paragraphs describe more details about the processing.  
The olives consist of 85 % of the flesh and 15 % of the stone. There should be 
differentiation between the stone produced in the industrial preparation of the table 
olives and obtained from the extraction processing of the olive oil.  
It is estimated that in the table-olive processing industry, a half of the produced olives 
for commercial use is represented by the stone-free olives, which means about 
22 500 t/year of the whole stones used in the boilers to obtain thermal energy.  
On the other hand, practically all of the olives selected for olive oil production are 
stoned by milling, through the separation process of the flesh-stone in the oil mill or in 
Process and Environmental Engineering – VUT Brno 
Bc. BOUMOVÁ Markéta: Utilization of Unconventional Biomass for Energy Production  
                                                    Master’s Thesis                                                                
 
 
 
- 52 -
the extractor. In this case, a crushed stone is obtained in a quantity of about 
370 000 t/year.  
The stone has excellent combustible characteristics: increased density, moisture 
about 15 %, homogenous granularity and low-heating-value about 18.84 MJ/kg on dry 
bases. It is adequate for thermal use, for the industrial as well as the domestic and 
residential sector. [45] 
The author of this thesis had a wonderful opportunity to visit a company that makes 
table olives. The visit took place on May 22, 2009. The company visited was La 
Española, from Alcoi (Valencia), Spain. La Española processes around 15 000 tonnes of 
olives each year.  
The processing of table olives starts with harvesting the olives, which takes place 
between the second half of September and the first half of November. The companies 
buy the olives for the table olive processing. After their collection, the olives are cleaned 
and washed.  
Next, the Sevillan, also called Spanish, style of preparation of table olives follows.  
In the following step, the olives are chemically treatment by a liquid substance made 
of the NaOH, which is called chemical peeling. This liquid is used in most of the food 
companies.  
After the chemical treatment, the olives are again washed with water and placed into 
the fermentation deposits that are underground due to the conditions they offer. The 
olives are in a pickling liquid that contains 8 % of salt and the rest is water. Acid-lacteal 
microbiological fermentation takes place there. As the result, the green olives become 
acidic. The black olives go through different chemical process, the oxidation, and as the 
result they are not acidic but they change the color and are sterilized. The process takes 
around three months.  
The forth stage usually starts in March. It is time for classification of the olives 
depending on their size and quality. There is a special machine that distributes the 
olives into the categories. It is very important to make sure that the fermentation process 
has been successful.  
A machine clears the stones away and puts the filling in, in La Española they put 
pepper and anchovy. As the product could deteriorate, there are 150 grams of olives put 
into each can, the liquid defined in the legislation is poured in, the can is closed and put 
into pasteurization ovens where is 80ºC to ensure the guarantee of 3 legal years.  
The caliber of the olives is at the bottom of the can. It is a number, for example 
“241 260”, which means that in a kg of olives with stones, there are between 241 and 
260 pieces of olives.  Thus the higher number, the smaller the olives are. Spain is 
known for the use of the big olives and exportation of the small ones (caliber between 
300 and 320). The taste of the olives is dependent not only on the consumer tradition 
but also on the filling of the olives, in Spain typical pepper and anchovy.  
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Not all the table olives are stone free. Some of them are distributed with stones, 
others without stones and with different fillings. The standard stone takes approximately 
6-8 % of the olive.  
Use of Olive Pits In La Española 
La Española uses the olive pits for its own needs. This chapter explains briefly the 
processing of the olive pits from table olives.   
First, the olive pits are humid and need to be dried out. Before, La Española dried the 
pits using the heat of the boiler and then used them as fuel. Now, the pits are brought to 
an oil company which extracts the rest of the oil. This process dries the pits and then 
they are brought back in a completely different shape that does not resemble the original 
olive pit. The pit contains approximately 20 % of oil that can be extracted. This 
processing is more beneficial.  
The olive pits are burned. The heat is used for heating up an accumulation tank with 
technical oil. This accumulation tank is like a heat exchanger as it helps to heat the 
pasteurization tank. The approximate temperature of the accumulation tank is around 
220ºC, the technical oil has 140ºC, which keeps a constant temperature of 80 ºC in the 
pasteurization process. The heat is mainly used for the table olive processing, or, more 
specifically, for pasteurization of the table olives.   
The approximate L.H.V. of the dried olive pits is 19.21 MJ/kg. This is approximate as 
it depends on many conditions.  
The detailed information about the olive stones, even the chemical analysis, is in the 
following tables: Table 6-8 and Table 6-9. [51] 
 
Moisture Ash L.H.V. dry basis L.H.V. wet basis 
[wt.%] [wt.%] [MJ/kg] [MJ/kg] 
12.9 0.8 19.2 16.4 
Table 6-8 
Detail Olive Stone [51] 
 
C H O S N Cl 
[wt%] [wt%] [wt%] [wt%] [wt%] [wt%] 
45.4 6.7 47.0 0.01 0.01 0.016 
Table 6-9 
Chemical Analysis Olive Stone [51] 
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6.3.4 The Residues from Olive Trees 
The olive tree plantation designated for the table olives need to be pruned every year, 
for the olive oil plantations the pruning is performed every two years. On average 1 ha of 
the olive plantation generates 3 tonnes of the prunings. In this way, the average of the 
pruning generates 2 000 000 tonnes a year.  
Actually, the majority of the pruning is burnt or left on the ground with the possible 
consequence of fire without utilization of the immense quantity of energy. [45] 
6.3.5 Comparison of Olive Residues 
When talking about the olive residues types, there are many more possibilities than 
with the sunflower residues. As this work supposes to make the comparison between 
the sunflower and olive residues, just three main olive residues are quoted here to meet 
the goal of their comparison.  
Two of them are from the olive oil processing, the olive pomace and olive marc. The 
last one is from the table olive processing. All the biomass qualities are average for the 
reasons of comparison. Biomass parameters depend a lot on the year, place, location 
and other circumstances which influence the content of ash, moisture, heating value, 
and chemical composition.  
The Table 6-10 shows all the basic facts about the olive residues that are vital for the 
comparison.  
The Graph 6-4 is a visualization of the information in the Table 6-10, stressing the 
heating value and the ash content.  
 
  Moisture Ash L.H.V. 
  [wt.%] [wt.%] [MJ/kg] 
Olive Pomace (Orujo) 55.3 6.8 17.7 
Olive Marc (Orujillo) 10.8 20.4 14.1 
Olive Stones 12.9 0.8 19.2 
Table 6-10 
Detail of the Olive Residues 
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Graph 6-4 
Comparison of Olive Residues 
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7 Comparison of the Unconventional Biomass 
The goal of the thesis is to compare the unconventional biomass utilization in Spain 
and the Czech Republic. The comparison is taken from the point of view of the financial 
aid of each country, the biomass parameters, the purchase prices, and the €/GJ value. 
All of these are considered below.  
 
7.1 Financial Aid 
The Czech financial aid is in CZK. For the reasons of equality, the prices are 
converted to Euro as it is used internationally.  
It was considered that the fuel will be only clean biomass, and the following table 
shows the governmental support.  
The conversion rate of Euro and Czech crown is approximated to 25 CZK = € 1 (This 
value is approximated according to the Czech National Bank (ČNB) is a little above 25 
CZK). [52]  
The residues of the sunflower processing are part of the O2 category: “secondary 
product or residue from plant production (straw, grain residues, and unused grain for 
food production)”.  
The Table 7-1 shows the detail.  
 
Purchase Prices 
of Electricity 
Given to the Net Date of Introduction Into Operation 
[€/MWh] 
Green 
Bonuses 
[€/MWh] 
Electricity production by burning clean biomass of 
category O2 in new electricity producers or the source 
from January 1, 2008 until December 31, 2010 
141.2 102.4 
Electricity production by burning clean biomass of 
category O2 from sources introduced to work before 
January 1, 2008 
128 89.2 
Electricity production by burning clean biomass of 
category O2 in former producer 85.2 46.4 
Table 7-1 
Detail of the Czech Financial Aid [22] 
 
According to the Spanish legislation, we have the table of the products included in the 
subgroup b.8.1: “Biomass coming from the agricultural industries installations”.  
Table 7-2 shows the detail.  
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Sub 
group 
Capacity 
[MW]  Period 
Regulated 
tariff 
€/MWh 
Limit 
Superior 
€/MWh 
Limit 
inferior 
€/MWh 
First 15 years 128.0 166.3 154.1 C≤2MW 
Thereafter 86.3     
First 15 years 109.5 150.9 142.7 
b.8.1 
2MW ≤C 
Thereafter 82.1     
Table 7-2 
Detail of the Spanish Financial Aid [25] 
 
The financial aid in Euro can be compared easily. The Czech financial aid is more 
beneficial than the Spanish one. Generally expressed, there is no such a big difference.  
Consideration of purchase prices prove that even though the Czech aid might look 
better, the purchase prices are higher and at the end, there is no significant difference.  
The financial aid is difficult to compare as each country applies different point of view. 
The following comparisons will be more apt. 
 
7.2 Parameters 
Parameters of sunflower and olive residues are going to be discussed together. The 
unconventional biomasses defined in the thesis will be discussed afterwards.  
 
7.2.1 Sunflower and Olive Parameters 
For the comparison of the sunflower and olive parameters, there are several tables 
which show the ashes and moisture content and low heating value. There is comparison 
of the following combinations: the sunflower shells with the olive pits; the sunflower 
bagasse with the olive marc; and the sunflower oil cake and the olive pomace.  
The Table 7-3 is based on the data already pointed out in this thesis; it is to compare 
directly the biomass of the sunflower with the olive one. Next to each other in the table, 
residues are compared, specifically sunflower cake versus olive pomace, etc. This table 
helps to summarize all the information given in this thesis and to draw some conclusions 
out of it.  
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Sunflower Moisture Ash L.H.V. Olive Moisture Ash L.H.V. 
  [wt.%] [wt.%] [MJ/kg]   [wt.%] [wt.%] [MJ/kg]
Cake 4 7.2 17.2 Pomace 55.3 6.8 17.7 
Grout 9.9 6.1 16.1 Marc 10.8 20.4 14.1 
Hull 11.4 2.9 18.0 Stones 12.9 0.8 19.2 
Table 7-3 
Comparison of the Biomass 
 
The Graph 7-1 visualizes the information given in the Table 7-3. The graph shows the 
“best” biomass according to its quality.  
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Graph 7-1 
Comparison of the Biomass Data 
 
In harmony with the Graph 7-1, the olive stones seem to be the ones with low 
moisture value, low ash content and high level of low-heating-value.  
The next really good biomass would be sunflower hulls which offer better moisture 
content, lower than stones but on the other hand, the ashes content is high. Basically, 
the qualities are compensated.  
The graph, though, shows that olive pomace is not a very good biomass to use as it 
contains high weight percentage of water. As it is known from the olive oil processing, 
the pomace is used for pomace oil and this way the olive marc is much more desirable 
residue even though it looses some part of the heating value. The negative part of the 
marc is the high ash content. The same happens with the sunflower cake, it is used only 
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to move ahead with the sunflower oil processing and the final residue is the sunflower 
grout. The grout is quite good biomass residue. 
The Picture 7-1 illustrates the main biomasses residues from the sunflower and olive.  
 
   
Olive Marc [54]       Sunflower Hull    Olive Stone Sunflower Grout [56] 
 Pellets [55] Residue [53] 
Picture 7-1 
Pictures of the Biomasses 
 
 
7.2.2 Parameters of Quoted Unconventional Biomasses 
For the comparison of the unconventional biomass parameters, there is a table 
showing the ashes and moisture content and low heating value.  
The Table 7-4 is based on the facts already explained in this work, it is included for 
direct comparison of the biomasses. This table helps to summarize all the information 
given in this thesis and to draw some conclusion out of it. 
  
  Moisture Ash L.H.V. 
Spain [wt.%]  [wt.%] [MJ/kg] 
Cork Sandpaper Dust 1.5 3.3 20.6 
Rice Shell 10.3 21. 8 12.3 
Almond Shell 12.5 0.8 16.7 
Pineapple Shell 11.5 2.2 17.5 
The Czech Republic       
Spent Grain 80.2 0.7 2.1 
Dried Sugar Pellets 12.0 10.9 13.1 
Grain Straw 11.4 4.3 11.4 
Colza Grout 10.0 6.5 16.5 
Table 7-4 
Comparison of the Unconventional Biomasses 
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In agreement with the table, the Graph 7-2 visualizes the information given. The 
graph shows the considered quality of biomass. 
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Graph 7-2 
Comparison of the Biomass Data 
 
The unconventional biomass that is the best, in harmony with the information given in 
the Table 7-4, is cork sandpaper dust. It has low moisture and ash content, the heating 
value is noticeably high.   
The next biomass is almond shell, it has higher moisture content than cork but it has 
low ash content and the low heating value is considerably high.   
The Czech best biomass quoted in the thesis is the colza grout for its low ash 
content, regular moisture content and the low heating value   
The biomasses quoted are generally good, as they have not very high ash and 
moisture content. The low heating values are relatively very similar.  
The difference present rice shell and spent grain. Rice shell has high ash content. 
Spent grain has very high moisture content and very little low-heating-value.  
7.3 Prices of Biomasses 
The possibility to use the biomass depends not only on the availability but also on the 
price accessibility. The prices are all considered in Euro a tonne.  
As it is known, the olive pomace and sunflower cake are not usually used as a direct 
biomass but they are used for more processes to more oil profit as this residue still 
contains high percentage of oil. The main residues from the oil processing to purchase 
as biomass fuel are the sunflower grout, sunflower hulls, olive marc and olive stones.  
The Table 7-5 summarizes the prices of all the quoted unconventional biomasses.  
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  Price   Price 
Spanish [€/t] Czech  [€/t] 
Olive Marc 55 Sunflower Grout 87.5 
Olive Stone 57 Sunflower Hull 115 
Cork Sandpaper Dust 80 Spent Grain 4 
Rice Shell 150 Dried Sugar Pellets 90 
Almond Shell 60 Grain Straw 28 
Pineapple Shell 20 Colza Grout 118 
Table 7-5 
Prices of the  
[53, 54, 55, 56, 57, 58, 59, 60, 61] 
 
The price of the sunflower hull is after they form pellets as they are transformed into 
pellets, for this reason the price is higher than for the other biomasses.  
Generally considered, the biomass purchase price is between 50 and 100 Euro a 
tonne.  
After comparing the prices, it is clear that the Spanish biomass is relatively cheaper 
than the Czech one. In consideration with the financial aid, the result is comparable 
equal; the companies pay more for the biomass and get more financial aid or pay less 
for biomass and get less financial aid. 
 
7.4 Complete Comparison of Biomass 
To completely compare the unconventional biomass, there is a need to apply 
acknowledged value for fuels in general. Fuel price are expressed by prices of heat in 
€/GJ. Hence, the purchase prices and low-heating-values were transformed to this unit.  
Table 7-6  shows the detailed information for the biomasses quoted in the thesis.  
 
  [€/GJ]   [€/GJ] 
Olive Marc 3.9 Sunflower Grout 5.4 
Olive Stone 3.0 Sunflower Hull 6.4 
Cork Sandpaper Dust 3.9 Spent Grain 1.9 
Rice Shell 12.2 Dried Sugar Pellets 6.9 
Almond Shell 3.6 Grain Straw 2.4 
Pineapple Shell 1.1 Colza Grout 7.2 
Table 7-6 
Assessment of Biomasses in €/GJ 
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The prices of heat from biomass quoted are from 1.1 to 12.2 €/GJ. To consider the 
conveniences, it is important to be able to compare the values with fossil fuels that are 
commonly used. Natural gas is a fossil fuel recognized for its good heating qualities. In 
harmony with the Comisión Nacional de Energía (CNE National Energy Commission) in 
Spain, the latest known value of natural gas is from 2008 and was the following: the 
Czech Republic had 10 €/GJ; Spain had 16.5 €/GJ [62]. When compared to the biomass 
unit, it is apparent that biomass is cheaper than the natural gas. 
From the table, the prices of heat of the quoted biomass, if they are compared among 
them, the cheapest are pineapple shells and spent grain. The other important point is 
that in Spain the price of heat from biomass is around 3 €/GJ; in the Czech Republic it 
varies a lot depending on the type of biomass and it can be around 5 €/GJ. 
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8 Conclusions 
The goal of the thesis was to consider the use of the unconventional biomass in EU. 
The unconventional biomass was discussed because the conventional one is used a lot 
and it is getting to its limits. Even though Spain and the Czech Republic are very 
different according to the climate and geography, they offer the same conventional 
biomass. It is the forest residues. The unconventional biomass should fill in the gap of 
the energy needed. Biomass residues already available in each country should be used.  
The international agreements (Kyoto Protocol), projects (EUBIONET III), and 
directives of EU and then particularly the legislation of the Czech Republic and Spain 
were considered.  
The EU legislation that has been used recently is the Directive 2001/77/EC, the one 
that is going to be used starting January 1, 2011 is the Directive 2009/28/EC. The 
related Czech Republic legislation is the Act No.180/2005 Coll. Spain uses the Royal 
Degree 661/2007. The legislation specifies the financial aid of each country offered for 
entities which use the renewable energy sources for energy generation.  
The countries’ goals are the following: Spain has to use 12.1 % of the renewable 
energy sources for the year 2010; the Czech Republic has to use 8 % from the 
renewable energy sources for 2010. In 2008, the Czech Republic was generating only 
5.2 % of renewable energy sources. Spain was generating 7.6 %. It can be considered 
that the countries are trying to reach their national goals for the use of renewable energy 
sources.  
Each country articulated the amount of energy generated from the biomass. It goes 
along with the quantity of biomass offered. Spain offers approximately four times more 
biomass than the Czech Republic and it generates four times more energy than the 
Czech Republic. To express it in numbers, the Czech Republic generated 1.17 MWh in 
2008; Spain generated 4.68 MWh in 2008.  
It was really interesting to consider local unconventional biomasses as the biomass is 
dependent on the clime and geography of the country. The biomass from food industry 
was mainly considered.   
The goal was to compare the main attributes of the biomasses. The most important 
attributes are the low heating value, ash and moisture content, and the purchase price. 
The issue of keen interest is also the short distance of the biomass from the boiler 
where it will be transformed into energy.  
The chapter 7 presents detailed comparison of all the biomasses quoted in the thesis 
with the biomass price of heat as fuel in €/GJ. The average price of biomass is 5 €/GJ. 
The author of the thesis considers the olive stones as the best residue from Spain and 
sunflower grout as the best residue from the Czech Republic. Both of the residues offer 
good qualities and price of heat.   
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As a future goal, there is the need to look for local unconventional biomass 
possibilities, biomass that is produced without the need to spend a lot of energy on 
planting and processing. The importance of a search for a local biomass without wasting 
energy on transportation for long distances should also be stressed.  
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10 List of Used Symbols and Abbreviations 
AEMET  Meteorological State Agency (Spain) 
APPA Association of Renewable Energy Producers (Spain) 
CEN European Committee for Standardization 
CN Combined Nomenclature 
CNE National Energy Commission (Spain) 
COM Commission of the European Communities 
ČSÚ  Czech Statistic Institute 
ČNB Czech National Bank 
ČTK Czech News Agency 
ERÚ Energy Regulatory Office (the Czech Republic) 
GDP Gross Domestic Production 
GHG Green House Gases 
IDAE Institute of Energy Varieties and Savings (Spain)  
INE National Statistic Institute (Spain) 
IRR Internal Rate of Return 
L.H.V. Low Heating Value measured in MJ/kg 
MARM Ministry of Environment and Agriculture and Marine (Spain) 
PES Primary Energy Sources 
PER Renewable Energy Plan (Spain) 
RD Royal Decree 
RES Renewable Energy Sources 
SPZO Union of Oilseeds Growers and Processors (the Czech Republic) 
toe tonne of oil equivalent 
 
 
 
 
